The implementation of the power and climate policy/regulations intensified development of the wind power generation technology and as a result the power balance includes a higher share of wind power generation.
Introduction
The implementation of the power and climate policy/regulations intensified development of the wind power generation technology and as a result the power balance includes a higher share of wind power generation.
Connecting distributed sources to a power network determines changes in its functionality which concerns issues as follows [1] , [2] , [3] , [4] :  power flow directions and active power levels;  reactive power flow directions, levels and its character;  power system elements load levels;  power network node voltage levels;  power quality indicators;  operating conditions of power system control.
The paper presents results of computer simulations aimed at the operating conditions identification of the power system with wind power generation. The main focus was put on determining the differences caused by various voltage regulation modes used in HV/MV substations.
Voltage regulation in HV/MV substations
The basic task dedicated to the voltage regulation in transformer substations feeding MV power networks is maintaining voltage on the desired level. This is achieved by changing the turns ratio of HV/MV transformers by using tap changers. As a result the step increase or decrease of voltage is obtained on the low voltage side of the power transformer.
There are two ways of voltage control used in HV/MV power transformers:  Manual Voltage Regulation (MVR) -transformation ratio modification is enforced by a power system operator managing the network. The modification takes into account the future expected power network operating conditions and are realized seasonally, i.e. several times a year.  Automatic Voltage Regulation (AVR) -transformation ratio modification is enforced by an automation system and the regulation is obtained in a follow-up manner after voltage conditions changed. In a substation with an AVR taps are changed even several dozens a day.
The choice of a voltage regulation manner may have a crucial impact on the voltage conditions in MV network fed by the HV/MV power transformer. In particular the obtained difference should be observed in power network structures which are characterized by frequently and essentially changing operating conditions. Among these surely are power networks with wind power generation (see [1] and [4] ). The identification of AVR operating conditions for substation with wind turbines is given in [5] .
Simulation research
For operating state assessment of the power network with wind power generation fed from HV/MV substation with the AVR and MVR certain quantities were used. Among these were MV side busbar voltages and power flows in the network as a whole. Simulation studies were proceeded changing:  operating conditions of the wind farm (the active power amount generated by the wind turbines, wind power source reactive power control modes);  MV power network operating state (the active power amount and also amount and nature of reactive power used by loads connected to the MV power network). The daily profile of the active power generation (P WG ) used in simulation is presented in Fig. 1 . The daily HV/MV substation load profile (P load , Q load ) is shown in Fig. 2 . It was assumed that the wind turbine is able to be operated in two reactive power control modes i.e. Reactive Mode Control (RMC) and Voltage Mode Control (VMC). The RMC and VMC were described inter alia in [1] and [5] . In RMC the nature and the amount of generated reactive power from the wind farm is being set up. The other way of using the RMC is seting up the nature and the value of the power factor of the wind power source -in this mode the reactive power Q WG of the source is proportional to its active power P WG . In the VMC the voltage value in the point of the wind farm connection is being set up. Thus, the character and the value of reactive power are being set up in a way that allows achieving the desired voltage level. 
The voltage conditions in the MV power network
The simulations of voltage conditions were conducted with monitoring the effective voltage value (RMS) in the point of the wind farm connection to the MV power network (V MV ), i.e. the MV busbar (see Fig. 3 ). The simulations were conducted for the assumed changes of operating conditions in the power network and for wind power generation with the automatic and manual regulation modes. For the MVR and for the selected operating 24 hours of the power network structure it was assumed that the HV/MV power transformer turns ratio is constant. Meanwhile for the AVR it was assumed that tap changes were following-up the V MV changes. Another assumption was that the change in the value of V MV beyond the range of a change of a single tap forces the change of the transformation ratio. Fig. 4 presents the plots of V MV value variations for assumed substation load profile and the source generation profile during 24 hours for RMC and VMC. The results for the RMC relates to control parameters that enable the wind farm to generate the power with the constant inductive power factor of 0,95 (RMC ind).
Comparison of diagrams depicted in Fig. 4 shows significant disparities in voltage conditions in the substation MV busbar depending on the substation voltage regulation mode and also on the wind power generation control mode. Using AVR allows for a meaningful limitation of the V MV variation range. For example for the simulation with the wind turbines using the RMC (Fig. 4a) the reduction exceeds 76% in comparison to the results obtained using the MVR, wherein the rate of the limitation is determined by the assumed parameters of AVR. 
The grid power flow
The simulations of power system conditions were conducted with respect to active power flow values and also the reactive power flow direction, its values and nature in the elements of the system. The main focus was put on the observation of reactive power generation (Q WG ) in the wind farm and also on the active and reactive powers feeding the MV power network (P MV , Q MV , i.e. the power flowing through the HV/MV power transformer.
P MV is the difference between P load and P WG (see Fig. 3 ). These powers are practically not dependent from the substation voltage regulation manner/mode and the reactive power control mode in the wind farm. Thus, variations of P MV observed during the 24 hours taken into account, are equal for all the operating scenarios of the system with wind power generation. On the other hand the nature and the value of Q MV highly depend on the operation of both regulation systems, where for the wind farm with the RMC the Q MV is determined by the assumed operating conditions of the wind farm (compare the diagrams for RMC ind and RMC cap in Fig. 5a ) and independent of the substation regulation manner/mode. For the wind farm with the VMC the parameters of Q MV are highly dependent on the control mode/manner (compare the diagrams for AVR and MVR in Fig. 5b) . The smaller the variation of V MV , the smaller the variation range of Q WG . Unfortunately, this fact causes the higher variation of the Q MV . On the other hand, the variation range of Q MV for the AVR is over two times higher in comparison to the observed variations in the same 24 hours with the MVR. 
Conclusions
Operating conditions of power network with wind power generation during the normal/steady-state in the Polish Power System are determined by the voltage regulation mode (transformer tap changing) used in the power stations and also by the reactive power control mode used for the connected wind farm. The Automatic Voltage Regulation (AVR) in a substation makes it possible to highly reduce the voltage variation on the low voltage side of the power transformer during changes/variations of power network operating conditions. Even for the power network structures with the wind farms, characterized by often and significant variations of operating conditions, a few times' reduction of the voltage variation was observed in comparison to results obtained for the substation with the Manual Voltage Regulation (MVR).
The wind farms operating in the Voltage Mode Control (VMC) are able to help obtaining quasi-steady voltage conditions. Then, the parameters of generated reactive power of the wind farm are selected in a way allowing to maintain voltage in the connection point in the required range of variations. This can cause an increase in variations of the reactive power flow in the power network structure with the AVR in the HV/MV substation. Table 2 presents the recommended variants of cooperation of the power network with wind sources depending on the substation voltage regulation mode and on the reactive power control mode. The recommended variants have been chosen on the basis of the computer simulations identifying the voltage conditions and the power flows in the observed power network cooperating with the wind farm. 
